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Description 



[MULTI-DOMAIN VERTICAL ALIGNMENT 
THIN FILM TRANSISTOR LIQUID CRYSTAL 

DISPLAY, COLOR FILTER SUBSTRATE 
AND POLARIZER FILM APPLIED THERETO, 

AND FABRICATING METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92120001, filed October 29, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a multi-domain vertical 
alignment thin film transistor liquid crystal display, and 
more particularly to a multi-domain vertical alignment 
thin film transistor liquid crystal display adapted to re- 
solve issues of color shift and color washing out resulting 
from change of view angle. 



[0004] Description of the Related Art 

[0005] Because of the shrinl<age of semiconductor device and 

displays, portable devices are more available to people. As 
to displays, cathode ray tubes (CRT) have dominated the 
market as their high quality and economy. However, be- 
cause of space restriction, power consumption and con- 
cern of environmental protection, CRT still have some is- 
sues needed to be resolved. Therefore, because of its high 
quality, space utility, low power consumption and non- 
radiation, thin film transistor liquid crystal display (TFT 
LCD) has gradually replaced CRT. 

[0006] To date, the liquid crystal displays with high contrast ra- 
tio, no gray scale inversion, little color shift, high lumi- 
nance, full color, high brightness, high responsive speed 
and wide view angle are required. In order to achieve the 
purpose of wide view angle, some displays, such as TN 
complying with wide viewing film display, in-plane 
switching display (IPS), fringe field switching display and 
multi-domain vertical alignment display (MAV), are devel- 
oped to perform the purpose. Following are the descrip- 
tions of the prior art multi-domain vertical alignment thin 
film transistor liquid crystal display. 

[0007] FIG. 1 is a schematic cross-sectional view showing a prior 



art multi-domain vertical alignment thin film transistor 
liquid crystal display. Referring to FIG. 1, the multi-do- 
main vertical alignment thin film transistor liquid crystal 
display comprises a multi-domain vertical alignment thin 
film transistor liquid crystal display panel 116, a first wide 
viewing film 108, a first polarizer film 110, a second wide 
viewing film 112 and a second polarizer film 114. The 
first wide viewing film 108 is on a first surface 116a of the 
thin film transistor liquid crystal display panel 116. The 
first polarizer film 110 is on the first viewing film 108. 
The second wide viewing film 112 is on a second surface 
116b of the thin film transistor liquid crystal display panel 
116. The second polarizer film 114 is on the second wide 
viewing film 112. The multi-domain vertical alignment 
thin film transistor liquid crystal display panel 116 com- 
prises a color filter substrate 102, a thin film transistor 
array substrate 100, a liquid crystal layer 104 and protru- 
sions 106, wherein the protrusions 106 are used to ar- 
range the directions of the liquid crystal molecules. More- 
over, the protrusions 106 can be disposed on the color 
filter substrate 102 or the thin film transistor array sub- 
strate 100, or on both of them. 
[0008] As to the prior art multi-domain vertical alignment thin 



film transistor liquid crystal display, the transmittance- 
level curve varies with the change of view angle. In other 
word, the change of view angle will result in color shift 
and colorwashing out. If these issues can be resolved, the 
multi-domain vertical alignment thin film transistor liquid 
crystal display will be more competitive. 
Summary of Invention 

[0009] Therefore, the object of the present invention is to pro- 
vide a multi-domain vertical alignment thin film transistor 
liquid crystal display (MVATFT-LCD) for resolving the is- 
sues of color shift and color washing out resulting from 
the change of the viewing angle. 

[0010] The present invention discloses a multi-domain vertical 
alignment thin film transistor liquid crystal display, which 
comprises a multi-domain vertical alignment thin film 
transistor liquid crystal display panel, a first wide viewing 
film, a first polarizer film, a second wide viewing film and 
a second polarizer film. The first wide viewing film is on a 
first surface of the thin film transistor liquid crystal dis- 
play panel. The first polarizer film is on the first viewing 
film, wherein a surface of the first polarize film has a dif- 
fusive pattern. Additionally, the second wide viewing film 
is on a second surface of the thin film transistor liquid 



crystal display panel. The second polarizer film is on the 
second wide viewing film. 

[0011] The present invention discloses another multi-domain 
vertical alignment thin film transistor liquid crystal dis- 
play, which comprises a thin film transistor array sub- 
strate, a color filter substrate, a liquid crystal layer, a first 
wide viewing film, a first polarizer, a second wide viewing 
film and a second polarizer. The color filter substrate is 
over the thin film transistor array substrate, wherein the 
color filter substrate has diffusive particles. Additionally, 
the liquid crystal layer is between the thin film transistor 
array substrate and the color filter substrate. The first 
wide viewing film is on a surface of the color filter sub- 
strate. The first polarizer is on the first wide viewing film. 
The second wide viewing film is on a surface of the thin 
film transistor array substrate. The second polarizer is on 
the second wide viewing film. 

[0012] The present invention discloses a method of fabricating a 
polarizer film applied to a multi-domain vertical align- 
ment thin film transistor liquid crystal display. First, the 
method provides a substrate and forms an optical thin 
film thereon. Then, a diffusive pattern is formed on a sur- 
face of the optical thin film for forming a polarizer film 



having a diffusive pattern. The method of forming the dif- 
fusive pattern on the surface of the optical thin film com- 
prises, for example, photolithographic and etching tech- 
nologies for forming the diffusive pattern on the surface 
of the optical thin film, or the formation of a diffusive film 
on the surface of the optical thin film. 

[0013] The present invention discloses a method of fabricating a 
color filter substrate applied to a multi-domain vertical 
alignment thin film transistor liquid crystal display. First, 
the method provides a substrate and forms a black matrix 
and a color photoresist layer thereon, wherein the color 
photoresist layer has diffusive particles. The method of 
forming the color photoresist layer having the diffusive 
particles comprises, for example, spreading the diffusive 
particles within the color photoresist layer or forming a 
diffusive film thereon. 

[0014] Because the multi-domain vertical alignment thin film 
transistor liquid crystal display of the present invention 
uses the polarizer film having the diffusive pattern or par- 
ticles or the color filter substrate having the diffusive par- 
ticles, light from the display has a specific diffusive angle 
for modifying the transmittance-level curve corresponding 
to different view angles. Therefore, the distribution of 



transmittance- level curve corresponding to different view 
angles is corrected and the issues of color shift and color 
washing out resulting from the change of the viewing an- 
gle are reduced. 
[0015] In order to make the aforementioned and other objects, 
features and advantages of the present invention under- 
standable, a preferred embodiment accompanied with fig- 
ures is described in detail below. 
Brief Description of Drawings 

[0016] FIG. 1 is a schematic cross-sectional view showing a prior 
art multi-domain vertical alignment thin film transistor 
liquid crystal display. 

[0017] FIG. 2 is a schematic cross-sectional view showing a pre- 
ferred multi-domain vertical alignment thin film transistor 
liquid crystal display of the present invention. 

[0018] FIG. 3A is a schematic cross-sectional view showing a 

preferred polarizer film applied to a multi-domain vertical 
alignment thin film transistor liquid crystal display of the 
present invention. 

[0019] FIG. 3B is a schematic cross-sectional view showing an- 
other preferred polarizer film applied to a multi-domain 
vertical alignment thin film transistor liquid crystal display 
of the present invention. 



[0020] FIG. 4 is a schematic cross-sectional view showing an- 
other preferred multi-domain vertical alignment thin film 
transistor liquid crystal display of the present invention. 

[0021] FIG. 5A is a schematic cross-sectional view showing a 

preferred color filter substrate applied to a multi-domain 
vertical alignment thin film transistor liquid crystal display 
of the present invention. 

[0022] FIG. 5B is a schematic cross-sectional view showing an- 
other preferred color filter substrate applied to a multi- 
domain vertical alignment thin film transistor liquid crys- 
tal display of the present invention. 
Detailed Description 

[0023] FIG. 2 is a schematic cross-sectional view showing a pre- 
ferred multi-domain vertical alignment thin film transistor 
liquid crystal display of the present invention. Referring to 
FIG. 2, the multi-domain vertical alignment thin film tran- 
sistor liquid crystal display comprises a multi-domain 
vertical alignment thin film transistor liquid crystal display 
panel 216, a first wide viewing film 208, a first polarizer 
film 210a, a second wide viewing film 212 and a second 
polarizer film 210b. The multi-domain vertical alignment 
thin film transistor liquid crystal display panel 216 com- 
prises a color filter substrate 202a, a thin film transistor 



array substrate 200, a liquid crystal layer 204 and protru- 
sions 206, wherein the protrusions 206 are used to ar- 
range the directions of the liquid crystal molecules. 

[0024] jhe first wide viewing film 208 is on a first surface 216a 
of the thin film transistor liquid crystal display panel 216. 
The first polarizer film 210a is on the first viewing film 
208. The second wide viewing film 212 is on a second 
surface 216b of the thin film transistor liquid crystal dis- 
play panel 216. The second polarizer film 214 is on the 
second wide viewing film 212. Generally, the polarizer 
film includes an iodine type polarizer and dye type polar- 
izer, wherein the polarizer film applied to active array LCD 
is an iodine type polarizer. 

[0025] In the embodiment, the method of reducing color shift re- 
sulting from the change of view angles comprises forming 
a diffusive pattern on the surface of the first polarizer film 
210a for forming a polarizer film having a diffusive struc- 
ture. In another embodiment, a diffusive film is formed on 
the first polarizer film 210a. Both of them can make the 
first polarizer film have diffusive characteristic. Following 
are the detail descriptions for these two methods. 

[0026] FIG. 3A is a schematic cross-sectional view showing a 

preferred polarizer film applied to a multi-domain vertical 



alignment thin film transistor liquid crystal display of the 
present invention. Referring to FIG. 3A, a substrate 300 is 
provided and an optical thin film 302 is formed thereon. 
Then, a diffusive pattern 302a is formed on the optical 
thin film 302. The method of forming the diffusive pattern 
302a on the surface of the optical thin film 302 com- 
prises, for example, photolithographic and etching tech- 
nologies for patterning the surface of the optical thin film 
302. The polarizer film 210a formed therefrom is com- 
posed of the substrate 300, the optical thin film 302 and 
the diffusive pattern 302a, wherein the optical thin film 
302 is on the substrate 300. The diffusive pattern is on 
the optical thin film 302. The other surface of the sub- 
strate 300 is attached to the first wide viewing film 208. 
[0027] FIG. 3B is a schematic cross-sectional view showing an- 
other preferred polarizer film applied to a multi-domain 
vertical alignment thin film transistor liquid crystal display 
of the present invention. Referring to FIG. 3B, a substrate 
300 is provided and an optical thin film 302 is formed 
thereon. Then, a diffusive film 304 is formed on the opti- 
cal thin film 302, wherein the diffusive film 304 is com- 
posed of, for example, a transparent film and diffusive 
particles 304a spared therein. The polarizer film formed 



therefrom is composed of the substrate 300, the optical 
thin film 302 and the diffusive film 304, wherein the opti- 
cal thin film 302 is on the substrate 300. Additionally, the 
diffusive film 304 is on the optical thin film 302 and has 
diffusive particles 304a therein. FIG. 3B is a schematic 
cross-sectional view showing another preferred polarizer 
film applied to a multi-domain vertical alignment thin film 
transistor liquid crystal display of the present invention. 
Referring to FIG. 3B, a substrate 300 is provided and an 
optical thin film 302 is formed thereon. Then, a diffusive 
film 304 is formed on the optical thin film 302, wherein 
the diffusive film 304 is composed of, for example, a 
transparent film and diffusive particles 304a spared 
therein. The polarizer film formed therefrom is composed 
of the substrate 300, the optical thin film 302 and the dif- 
fusive film 304, wherein the optical thin film 302 is on the 
substrate 300. Additionally, the diffusive film 304 is on 
the optical thin film 302 and has diffusive particles 304a 
therein. 

[0028] In addition to resolving the issues of color shift and color 
washing out resulting from the change of the viewing an- 
gle by the polarizer film and the diffusive pattern, the 
present invention can also uses a color filter substrate 



having the diffusive pattern to resolve the issues men- 
tioned above. Following is the detail description. 

[0029] FIG. 4 is a schematic cross-sectional view showing an- 
other preferred multi-domain vertical alignment thin film 
transistor liquid crystal display of the present invention. 
Referring to FIG. 4, the liquid crystal display comprises a 
thin film transistor array substrate 200, a color filter sub- 
strate 202b, a liquid crystal layer 204, a first wide viewing 
film 208, a first polarizer 210b, a second wide viewing 
film 212 and a second polarizer 214. The color filter sub- 
strate 202b is over the thin film transistor array substrate 
200, wherein the color filter substrate 202b has diffusive 
particles. Additionally, the liquid crystal layer 204 is be- 
tween the thin film transistor array substrate 200 and the 
color filter substrate 202b. The first wide viewing film 208 
is on a surface of the color filter substrate 202b. The first 
polarizer 210b is on the first wide viewing film 208. The 
second wide viewing film 212 is on a surface of the thin 
film transistor array substrate 200. The second polarizer 
214 is on the second wide viewing film 212. 

[0030] It should be noted that the method of fabricating the color 
filter substrate 202b having the diffusive particles can 
comprise, for example, spreading the diffusive particles 



(not shown) in a color photoresist layer (not shown) of the 
color filter substrate 202b, or forming a diffusive film (not 
shown) on a color photoresist layer (not shown) of the 
color filter substrate 202b. Following are the detail de- 
scriptions of these two methods. 
[0031] FIG. 5A is a schematic cross-sectional view showing a 

preferred color filter substrate applied to a multi-domain 
vertical alignment thin film transistor liquid crystal display 
of the present invention. Referring to FIG. 5A, a substrate 
400 is provided and a black matrix 402 is formed thereon. 
If the material of the black matrix 402 is opaque resin, it 
can be formed by photolithographic processes; if the ma- 
terial of the black matrix 402 is Cr, it can be formed by 
photolithographic and etching processes. In addition, the 
substrate 400 can be glass, plastic or transparent mate- 
rial. A color photoresist layer 404 is then formed on the 
substrate 400 covering a portion of the black matrix 402, 
wherein the color photoresist layer 404 is composed of 
pluralities of red-color photoresist blocks (not shown), 
green-color photoresist blocks (not shown) and blue- 
color photoresist blocks (not shown). The color photore- 
sist layer 404 has diffusive particles 404a therein. The 
method of forming the color photoresist layer 404 on the 



substrate 400 can comprise, for example, performing a 
spin-coating process and a bal<ing process for forming a 
red-color photoresist layer (not shown), wherein the red- 
color photoresist layer has diffusive particles spared 
therein. Then a lithographic process is performed for re- 
serving a specific area of red-color photoresist layer (not 
shown). The processes described above are repeated for 
forming specific areas of green-color photoresist layer 
and blue-color photoresist layer (not shown). The color 
filter substrate formed thereform comprises the substrate 
400, the black matrix 402 and the color photoresist layer 
404, wherein the black matrix 402 is on the substrate 
400. Additionally, the color photoresist layer 404 is on the 
substrate 400 covering a portion of the black matrix 402, 
wherein the color photoresist layer 404 has diffusive par- 
ticles 404a spared therein. 
[0032] FIG. 5B is a schematic cross-sectional view showing an- 
other preferred color filter substrate applied to a multi- 
domain vertical alignment thin film transistor liquid crys- 
tal display of the present invention. Referring to FIG. 5B, a 
substrate 400 is provided and a black matrix 402 is 
formed thereon. A color photoresist layer 406 is then 
formed on the substrate 400 covering a portion of the 



black matrix 402. Finally, a diffusive film 408 is formed 
on the color photoresist layer 406, wherein the diffusive 
film 408 is composed of, for example, a transparent film 
and diffusive particles 408a spared therein. The color fil- 
ter substrate formed thereform comprises the substrate 
400, the black matrix 402, the color photoresist layer 406 
and the diffusive film 408. The black matrix 402 is on the 
substrate 400. The color photoresist layer 406 is on the 
substrate 400 covering a portion of the black matrix 402. 
Additionally, the diffusive film 408 is on the color pho- 
toresist layer 406 and the black matrix 402. The color fil- 
ter substrate described above can further comprise an 
electrode film, a planarization film, an optical film, etc. 
[0033] Because the multi-domain vertical alignment thin film 
transistor liquid crystal display of the present invention 
uses the polarizer film having the diffusive pattern or par- 
ticles or the color filter substrate having the diffusive par- 
ticles, light from the display has a specific diffusive angle 
for modifying the transmittance-level curve corresponding 
to different view angles. Therefore, the distribution of 
transmittance-level curve corresponding to different view 
angles is corrected and the issues of color shift and color 
washing out resulting from the change of the viewing an- 



gle are reduced. Accordingly, the multi-domain vertical 
alignment thin film transistor liquid crystal display of the 
present invention has following advantages: 

[0034] i_ jhe present invention can reduce the issues of color 
shift and color washing out resulting from the change of 
the viewing angle without changing pixel structures; and 

[0035] 2. The present invention can reduce the issues of color 
shift and colorwashing out resulting from the change of 
the viewing angle without changing the relationship be- 
tween the transparency and gray level. 

[0036] Although the present invention has been described in 
terms of exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention which may be made by those 
skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 



